Background/Objective: To determine the degree and duration of pain relief provided by specific pain treatments used by individuals with spinal cord injury (SCI) who have chronic pain.
INTRODUCTION
Chronic pain remains a significant problem for many with spinal cord injury (SCI). Recent data from the national Model Spinal Cord Injury Systems indicate a pain prevalence ranging from 81% at 1 year after injury to 82.7% at 25 years (1) . Studies have shown that persons with SCI commonly develop musculoskeletal pain problems and/or neuropathic pain at and/or below the level of the lesion, both of which can be very refractory to treatment (2) (3) (4) (5) . Attempts to treat musculoskeletal pain problems usually focus on the alleviation of underlying pathology or aggravating conditions such as poor posture or overuse. In the person with complete SCI, musculoskeletal pain is only appreciated above the level of the lesion. However, individuals with an incomplete SCI may complain of musculoskeletal pain problems that occur below the level of the injury.
Neuropathic pain, which may develop at or below the level of the lesion, is even more refractory to treatment than musculoskeletal pain. Clinically, neuropathic pain may be subdivided into 4 types: (a) SCI pain, which occurs below the level of the injury; (b) transition zone pain, which is usually bilateral and at the level of injury; (c) radicular pain, which is usually unilateral; and (d) visceral pain (6) . The most common type of neuropathic pain is that below the level of injury (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
The diagnosis of neuropathic pain attributed to the spinal cord lesion itself is essentially a diagnosis of exclusion. The diagnosing clinician should seek any potentially treatable causes of pain such as a posttraumatic syrinx, a Charcot arthropathy, or a herniated disk. Radicular pain is common in those with cauda equina lesions and may occur in the acute injury from disk herniation; however, in those with chronic SCI without cauda equina lesions, late onset of radiculopathy may develop from a Charcot spine (17) .
Despite the high prevalence of pain problems after SCI and the existence of a number of studies that have increased our knowledge of the pathophysiologic changes that occur after SCI, much is still not known concerning the mechanism(s) that produce chronic pain or why it develops in one person with SCI but not in another. Treatment remains largely empirical and should include a comprehensive approach to the patient. The most commonly recommended oral pharmacological agents for chronic pain fall into 3 major categories: antidepressants, anticonvulsants, and analgesics. Historically, antidepressants, especially tricyclic antidepressants, have been considered first-line drugs for neuropathic pain after SCI based on clinical experience and case reports (3, (18) (19) (20) . Unfortunately, however, the evidence for the efficacy of antidepressants for treating chronic pain from randomized controlled trials in SCI has been negative thus far (20, 21) .
Anticonvulsants, most notably gabapentin, are increasingly being used for neuropathic pain and are now considered first-line drugs. In a recent randomized controlled trial, gabapentin was found more effective than placebo for neuropathic pain in persons with complete paraplegia (23) . In this study, the dosage of gabapentin was increased to a maximum of 3,600 mg/ day if tolerated, regardless of efficacy at a lower dose. Using a cross-over design, subjects were given a 4-week titration period followed by a 4-week stable dosing period. About a 50% reduction in pain was found at the end of the titration period with gabapentin and about 60% at the end of the stable dosing period. However, other anticonvulsants have not shown efficacy in randomized controlled trials for the treatment of chronic pain in persons with SCI (24, 25) .
Analgesics that are typically useful for musculoskeletal pain problems such as nonsteroidal anti-inflammatory drugs (NSAIDS), acetaminophen, and opioids are generally not found as helpful in relieving neuropathic pain (20, 26, 27) . Moreover, the use of opioids is not without controversy, especially in persons with SCI who may be particularly sensitive to opioid side effects, such as constipation.
There are many patients who have not found relief of pain from oral agents and have therefore tried the intrathecal route of drug delivery. In one placebocontrolled trial, intrathecal administration of a bolus of baclofen was shown to provide a reduction in musculoskeletal and neuropathic pain (28) , but long-lasting relief of neuropathic pain does not occur with the levels of this drug that are usually delivered (29) .
Reports of the use of alternative therapies suggest that many people with SCI are seeking nontraditional methods for pain relief (30) (31) (32) (33) (34) . In a previous study of community-dwelling individuals with SCI-related chronic pain by our group, many types of treatments were reported to have been tried by patients (35) . These included oral medications, invasive therapies, physical therapy, counseling/psychotherapy, and alternative treatments. However, only a few of these treatments were rated as more than somewhat helpful.
There is a need to better understand the efficacy of various treatments for chronic pain in persons with SCI. To the extent that specific treatments can be identified that are rated as consistently helpful, these treatments should be considered as ''first-line'' interventions for patients with SCI presenting with chronic pain problems. On the other hand, if no single treatment or set of treatments can be identified as being consistently helpful, this would argue for the need to (a) continue to provide pain treatments on an empirical basis to find the treatment or treatments that are uniquely effective for each patient and (b) support research that identifies and develops new treatments that might be effective for SCIrelated chronic pain problems.
In a longitudinal study recently completed, pain prevalence and psychosocial indicators of function were examined in persons from a community sample with chronic SCI (36) . This study seeks to increase our understanding of the types and efficacy of treatment from the subsample in this study who reported chronic pain. This study represents a replication and extension of our previous study on pain treatments in individuals with SCI. In our previous study, we found that a great variety of pain treatments are tried by these patients but few are consistently helpful (35) . One limitation of the previous study was that it provided only a limited number of pain treatments for patients to select and rate and also did not provide information concerning the length of pain relief produced by those treatments that did provide at least some relief for some patients. This study provided patients with a more thorough list of possible pain treatments to rate. It also allowed them to indicate the extent to which these treatments provided pain relief and the length of time that the relief lasted.
METHODS
As indicated above, the participants for this study came from a survey study of pain in persons with SCI (36) . In that survey, questionnaires were initially mailed to 339 individuals, and 147 completed questionnaires (48% of 309 possible after 30 surveys were excluded; 27 because of out-of-date addresses, 2 because the potential participants had deceased, and 1 because the potential participant could not complete the survey because of being hospitalized) were returned. Each questionnaire was accompanied by a consent form and a cover letter inviting the potential study participants to participate in the study. Subjects were paid $25 for completing and returning the consent forms and survey. The study procedures were approved by the University of Washington Human Subjects Review Committee.
The survey questionnaire included a number of questions assessing demographic and SCI-related descriptive information (age, education level, employment status, race/ethnicity, marital status, time since SCI, and SCI level). Survey respondents were also asked to indicate the presence or absence of any recent pain problems using the following question: ''Are you currently experiencing, or have you in the past 3 months experienced, any pain (other than occasional headaches or menstrual cramps)?'' Respondents who answered ''yes'' to this question were asked to rate the average intensity of this pain during the past week on a 0 to 10 numerical rating scale, with 0 ¼ no pain and 10 ¼ pain as bad as could be.'' Such 0 to 10 scales have shown their validity as measures of pain by their strong association with other measures of pain intensity, as well as by their responsivity to treatments known to impact pain (37) .
The 117 respondents to this survey who reported having a pain problem were asked to indicate whether or not they had received or were currently receiving any 1 of 26 different pain treatments, including 10 oral medications or medication groups, 8 other standard pain treatment modalities, 7 alternative pain treatments, or any ''other'' treatment for pain (Tables 2 and 3 show a list of the treatments asked about). For each treatment received, subjects were asked to indicate the amount of relief each treatment provided on a 0 (no relief) to 10 (complete relief) scale and to indicate the length of time that any pain relief obtained usually lasts on a 6-point categorical scale (minutes, hours, days, weeks, months, years). The relief and categorical length of relief rating scales were developed specifically for this survey.
RESULTS

Subject Characteristics
Demographic and SCI-related descriptive information of the 117 respondents reporting pain are presented in Table 1. The mean age of the study subjects was 48.8 6 11.7 (SD) years (range, 21-79 years). As previously reported in the samples from which the current subjects were drawn (16, 36, 38) , there was a wide degree of variability in the number of years since SCI (range, 3.2-57.4 years; mean, 17.3 6 10.4 years). The average pain intensity (during the past week) of the study participants was 5.1 6 2.3 on the 0 to 10 numerical scale. Among the respondents, 37.6% with pain reported mild pain (1-4 on the 0-10 scale) (39,40), 28.2% reported moderate pain (5-6 on the 0-10 scale), and 32.4% of the respondents reported that they experienced severe pain (:7 on the 0-10 scale). Two respondents who said they had experienced a pain problem in the last 3 months reported an average pain intensity of 0 during the past week on the 0 to 10 scale.
Use of Pain Treatments
Oral Medication Use. Of the respondents reporting pain, the majority (all but 4; 96.6%) reported having taken at least one of the pain medications listed on the survey at some point in time. Most reported having tried more than one medication (mean and median number of medications tried, 3.97 and 4, respectively; range, 0-9). At the time of survey completion, 95 (81.2%) of the subjects with pain reported currently taking at least one of the survey medications, although the majority were taking more than one (mean and median number of medications taken at the time of survey completion were 1.82 and 2, respectively; range, 0-6). Table 2 lists (a) the number and percent of patients with pain who reported ever having taken the oral medications listed on the survey; (b) the number and percent of patients who are currently taking the medications listed on the survey; (c) the average pain relief provided by these medications (as reported by those who have tried them); and (d) the length of time of any pain relief. As can be seen, the medications tried most often by these subjects were NSAIDs (tried by 83 [71%] of respondents with pain), and acetaminophen (tried by 82 [70%]). A little more than one half of the patients (43 and 45 of the sample, respectively) who had ever tried these are still taking these classifications of medications. All of the medications tend to provide pain relief for hours (but rarely provide relief for days or longer). Opioids produced the greatest degree of pain relief, on average (mean, 6.27 6 3.05 on the 0-10 scale of pain relief), but these were also among the treatments that were least likely to be continued by those who tried them (25 of 68 [37%] of those who tried opioids continued to use them); only 21% of the survey respondents were currently using an opioid. Only one other medication was reported to have a similar effect on pain relief as opioids; mexiletine had an average relief rating of 6.0 6 1.00, but only 3 patients with pain reported ever having tried this medication; 2 of these, or 67% of those who tried mexiletine, continued to use it. Dilantin (phenytoin) seemed to have the longest lasting *Total sums to greater than 100% because respondents were allowed to select more than one option. On a 0 to 10 numerical rating scale.
effect on pain relief (with 57% reporting that relief lasts for hours and 43% reporting that it lasts for days), but it provided relatively little relief overall (mean, 2.58 6 2.81). Tegretol (carbamazepine) seemed to provide the least relief overall (mean, 2.17 6 2.92), but Dilantin (mean, 2.58 6 2.81) and tricyclic antidepressants (mean, 2.90 6 2.71) were also rated as providing relative little relief compared with some of the other medications. Standard Pain Treatments. One hundred three (88%) of the respondents with pain reported that they had used at least one of the 8 specific (standard) pain treatments listed on the survey at some point in time, and 81 (69%) were currently using or being given at least one of the treatments. None of the 8 treatments listed provided a relief rating of 5 or more on the 0 to 10 relief scale, but 4 of them were rated as providing a relief rating of 4 or more on average: strengthening exercises, physical therapy, heat, and mobility or range of motion exercises. With the exception, perhaps, of counseling, the standard pain treatments tended to provide relief for only minutes or hours. The relief provided by strengthening exercises was rated as lasting for days by 26% of the respondents who had participated in this treatment, and counseling was rated as lasting for days by 40% and years by 20% of those who participated in this treatment. However, the pain relief provided by counseling tended to be relatively low on average (mean, 2.83 6 3.06).
Alternative and Other Pain Treatments. Eighty-five (73%) of the respondents with pain reported that they had tried at least one of the 7 alternative pain treatments listed on the survey. Different alternative treatments had been tried by different numbers of respondent (Table 3) in descending order, these frequencies were massage (tried by 55%), marijuana (32%), acupuncture (28%), chiropractic manipulations (27%), biofeedback/ relaxation training (23%), magnets (17%), and hypnosis (9%). The most relief was provided by massage (mean, 6.05 6 2.47) and marijuana (mean, 6.62 6 2.54), although chiropractic care was also among the treatments that provided greatest pain relief (mean, 5.00 6 3.04). As with the other treatments, the relief provided by these treatments tended to last for minutes or, more often, hours. However, pain relief from massage and acupuncture lasted for days for a subgroup of about 25% of those who received these treatments. In patients who received chiropractic care, pain relief lasted for days in 41% and for weeks in 19%. Similarly, of those who received hypnotic treatment, the pain relief only lasted for days (33%) or weeks (17%), but the amount of relief provided by hypnotic treatment tended to be low (mean, 2.43 6 3.16). Nineteen patients reported having ever tried some other pain treatment (not specifically listed on the survey), and 15 of these were still receiving or participating in these other treatments. The other treatments that were written into the survey included other medications, exercise and increased activity, and rest and relaxation techniques. Of these, 10 (selfhypnosis, clonazepam, ''staying busy and having a good attitude,'' ''healer,'' ''body energy work,'' sex, epidural catheter, lying down, dorsal column stimulator, and yoga) were reported as providing relief ratings of 5 or greater on the 0 to 10 relief scale. Pain relief tended to last for hours for the great majority of these other treatments, although ''body energy work'' was reported to last for weeks by the subject who participated in this treatment, and aerobic exercise (relief rating, 4 on the 0-10 scale) and yoga (relief rating, 9) provided relief for days.
Pain Treatments Used by Respondents With Severe Pain. The frequencies with which patients with severe pain (average pain intensity reported as 7 or greater on the 0 to 10 scale, N ¼ 38) used the pain treatments are reported in Tables 4 and 5 
DISCUSSION
These findings indicate that a large number of pain treatments had been tried and were currently being used by these individuals with SCI and chronic pain. Importantly, many treatments that are now considered first-line treatments for chronic pain are not frequently used and are associated with only minimal levels of pain relief. For example, only about one third of those with pain had tried gabapentin. Less than one half of those who had tried it (45%; 17% of the entire sample) were still using it, and relatively low levels of pain relief were reported in response to this treatment. The lack of trying or the relatively high frequency of discontinuing this treatment among those who had tried this medication may have been caused by cost, overall lack of efficacy, intolerable side effects, lack of knowledge of this treatment among some treatment providers, or some combination of these. The reasons for not trying or for discontinuing use were not assessed for gabapentin or any other treatment in this survey study.
Baclofen provided about the same degree of pain relief as gabapentin, although slightly more of the sample Percentages based on reports from participants who had reported every having tried the treatment and length of relief based on ratings given in response to the question, ''How long does pain relief usually last with this treatment? '' had tried this medication (50%), and a greater number of patients who had tried this medication were still using it. Previous research has shown that intrathecal baclofen provides relief for musculoskeletal but not neuropathic pain (29) . Also, research has shown that oral baclofen produces little pain relief in central pain syndromes (5) . This previous research, when considered in light of these findings, suggests the possibility that muscle spasms or other nonneuropathic pain generators may be playing a role in the production of pain in some persons with SCI and chronic pain. Certainly, these findings suggest that baclofen should be considered if the patient presents with significant or bothersome pain that the clinician suspects may be musculoskeletal in origin.
As in our previous report (35) , opioids were reported to provide the greatest degree of pain relief. However, although opioids had been tried by 58% of this sample, they were still being used by only 21% (ie, only a little over one third of the subjects who had tried opioids continued to take this class of drugs). Persons with severe pain, however, reported a greater frequency of use of opioids than those with mild or moderate pain. Only recently have registered clinical trials using opioids in SCI been reported. In one such study, Attal et al (41) used intravenous morphine or placebo in 15 patients (9 with SCI and 6 with stroke) with central pain and found no significant difference in pain relief in those given morphine compared with placebo. When oral morphine was subsequently given to those (n ¼ 7) who had responded to intravenous morphine, only 3 patients (20%) continued with oral morphine more than 12 months. None of those who were nonresponders continued on morphine more than 6 months. The side effects of opioids, especially on bowel activity and mental clarity, the tolerance that may develop, and the addictive potential of opioids are significant issues that make their chronic use less desirable.
Of the 8 nonmedication standard treatment modalities, 69% of the sample reported that they were currently using at least one of these treatments. Pain relief was highest for those involving strengthening exercises or heat. Because the application of heat is contraindicated for areas of the body that are insensate, it is likely that heat is used for pain from musculoskeletal sources.
Of all the treatments rated, marijuana was reported to give the greatest pain relief. It had been tried by 32% and was being used currently by 23% of the sample. Most of those using marijuana reported hours of pain relief after treatment. Marijuana is also reported to reduce spasticity, which could contribute, at least in part, to pain relief in some patients (42) . In 1976, Dunn and Davis reported that marijuana use in men with SCI decreased pain in 44% (43) . A more recent survey from the United Kingdom found that a small number of persons with pain and SCI reported use of marijuana for pain (44) . However, the use of marijuana for medical purposes remains very controversial in the United States. The length of relief from pain from oral medications tended to be hours, which is generally what one would expect from such agents, with one notable exception. Antidepressants were reported to provide years of relief for about 10% of those who had tried them; however, the pain relief from antidepressants was modest. Counseling or psychotherapy also provided years of relief for 20% of the sample. However, only one person with severe pain was currently using counseling or psychotherapy. Of the 38 subjects with severe pain, medications were the most common form of treatment; however, the majority had received physical therapy or strengthening exercises, and 42% were currently doing strengthening exercises for pain relief. These results raise the possibility that exercise and physical activity may benefit persons with SCI and chronic pain; strengthening exercises may be particularly helpful for those with severe pain (pain intensity . 7/10). However, given the descriptive nature of this study, conclusions regarding the casual impact of any treatment, including exercise, on chronic pain, cannot be made from these data. At most, the findings indicate that clinical trials of exercise treatment for chronic pain problems in persons with SCI are warranted.
This study has several methodological limitations. First, the response rate (49%) to the primary survey was low (36) , which limits the generalizability of the findings. Also, the potential survey respondents were selected from a sample of individuals with SCI who had responded to previous surveys. This may also limit the generalizability of the findings to the degree that this sample may be not representative of all persons with SCI. In addition, the type of pain (eg, musculoskeletal vs neuropathic) that was experienced and relieved by each treatment is unknown. This makes it difficult to determine which treatment may have relieved or failed to relieve specific types of pain. However, studies indicate that most patients with SCI and chronic pain have more than 1 pain problem (16, 38, 45, 46) , so even if it were possible to know the specific type(s) of pain experienced by the participants, it would likely have been difficult to know which treatments alleviated (or did not alleviate) which pain problem. Finally, although we asked respondents to indicate which medications they had tried and were currently using, we did not assess the exact doses of these medications, nor could we have been certain that respondents provided accurate information about dose had we asked. Therefore, we cannot say whether adequate doses of any of the oral medications had been reached or whether medication treatments had been tried for a sufficient duration to be effective.
CONCLUSION
Despite the study's limitations, the findings provide additional information about the pain treatments tried by individuals with chronic pain and SCI and their efficacy. We found that persons with severe pain report some relief from the use of exercise. We also found that, although antidepressants did not provide high levels of pain relief, unlike most other medications, they can provide longlasting relief for some of those patients who respond to these medications. Gabapentin had been tried by almost one half of those with severe pain but was discontinued by many. Future studies are needed to help determine the best combination of pain treatment modalities that can provide pain relief for long periods of time, because at present, recovery from SCI remains an unconquered challenge. 
